Objective: To investigate hypospadias prevalence and trends, rate of surgical repairs and postrepair complications in an Australian population.
INTRODUCTION
Hypospadias represents a urogenital congenital anomaly amongst boys characterized by an abnormal ventral opening of the urethral meatus between the distal glans of the penis and perineum. It remains one of the most common anomalies in boys. Population-based studies have reported large variation in prevalence among different regions, from 4 cases per 10,000 births in Japan [1] to 74 per 10,000 in the USA. [2] Prevalence rates may not be comparable due to differences in population, environment, settings and surveillance systems with local monitoring therefore desirable. [3] There has been debate about prevalence trends over the past decade, with some countries reporting annual increases, [4] while others have reported stable rates. [5] The main form of treatment for hypospadias has been surgical repair, aiming not only to correct the functionality of the penile urethra but also to improve cosmetic appearance. The age at repair, severity of hypospadias, complexity of the repair techniques, surgeon expertise and the variable wound healing capacity of the penile tissue appear to be important factors determining the outcome of repair. [6] International guidelines recommend repair between 6 and 18 months of age, [7] however, some studies have found no difference in outcomes based on the age at the time of repair, [8] whilst others have reported fewer complications following repairs performed before one year. [9] Depending on the severity and technique, re-operation rates can range from 4% to 35%, [10] and one study found an average of five additional procedures required to achieve satisfactory results after a failed repair. [11] Recent systematic reviews have reported overall complications rates ranging from 14% to 16% [12] and up to 37% for severe cases. [13] However, most were small single centre studies, with limited follow-up duration and did not report loss to follow-up. Surgeon perceptions and reporting of complication rates may also differ, [14] and there would seem conflicting information about the timeframe of occurrence of complications to determine an ideal follow-up period. [15] A recent survey of surgeons reported that nearly 60% follow-up their patients for less than 6 months, [16] yet studies suggest that nearly half of complications may only be diagnosed after the first year following surgery. [17] Current information on population-based hypospadias prevalence, trends, rates of surgical repairs and follow-up of health outcomes appear highly important for optimal clinical decision making treatment, management and pre-operative counselling of parents.
The aims of this population-based study were to investigate the prevalence, trends, surgical repairs and post-surgical complications of hypospadias and to examine risk factors associated with re-operation and post surgical complications.
METHODS

Study population and data sources
The study population included all live born males diagnosed with hypospadias in New South 
Outcomes and explanatory variables
The main study outcomes included type of hypospadias repairs or procedures, re-operations or complications after surgical repair and re-admissions. Relevant hypospadias repairs or procedures identified using ACHI codes were divided into primary hypospadias repairs, secondary repairs and associated procedures. Post-surgical complications were defined as conditions affecting the urethra or penis that required surgical intervention and were identified with relevant diagnosis codes (Appendix). Re-operations were defined as any subsequent procedures including hypospadias repairs (excluding planned second stage repairs), repair of complications and other secondary repairs. Re-admissions to hospital following repair were classified as any re-admissions associated with surgical wound complication within 28 days and any genitourinary related admissions post 28 days (ICD-10-AM: N00 -N99).
Explanatory variables included in the study were diagnosis of coexistent congenital anomalies, preterm birth (<37 weeks gestation), age at first hypospadias record, age at first surgical procedure or repair, hospital volume of repairs, public or private health care insurance status and time to occurrence of complications after repair. Age at first surgical procedure or repair was categorized into less than and more than 18 months of age based on international recommendations. [7] Hospital type was included as a proxy for patient case-mix and was categorized into tertiary pediatric hospitals (n=3) versus non pediatric hospitals (n=42).
Statistical analysis
Prevalence of overall hypospadias was examined as total number of reported cases per 10,000 live births in NSW, 2000-2010. Annual prevalence was plotted and trend assessed between 2001-2009 to ensure a minimum follow-up of 2.5 years. Poisson regression analysis was used to calculate the average annual percentage change in rate over time. All bivariate analyses were conducted using chi square test, with multivariable logistic regression used to estimate the association between type of hypospadias with re-operation and post-surgical complications. All analyses were performed using SAS, 9.3 (SAS Institute, Cary, NC, USA).
RESULTS
A total of 906,753 infants were born in NSW between 2001 and 2010. There were 3, 186 hypospadias cases recorded during the study period, representing an overall prevalence of 35.1 cases per 10,000 live births (95% confidence interval, CI: 33.9-36.4). Table 1 presents the characteristics of cases by type of hypospadias. Anterior hypospadias was the most common type comprising 41.3% of cases, 26.2% were middle, 5.8% were proximal and 26.6% were unspecified hypospadias. Isolated hypospadias represented 60.2% of total cases, 18.2% had chordee, 3.5% had undescended testis and 12.6% had other non-genitourinary congenital anomalies. (Figure 2) .
Diverticulum was more likely to occur before one year than after one year (10% vs. 1.8%; P=0.01), but there was no difference in timing for the rest of complications (P=0.9).
Complications and subsequent repairs were associated with increasing severity of hypospadias;
however age at repair, hospital volume, associated congenital anomalies and year of surgery had no significant effect ( 
DISCUSSION
This research represents one of the few population-based cohort studies of the management and treatment of hypospadias with long term follow-up of health outcomes. Our results indicate that hypospadias was diagnosed among 1 in 146 boys and that the overall prevalence remained constant in NSW over the past decade. We found that almost two-thirds of boys diagnosed with hypospadias had primary repair. Of those who had repair, 13% experienced a complication, although this rose to 33% for proximal cases with middle and proximal cases having a three to five-fold increased risk of re-operation or complication. Half of all complications occurred after one year following repair, however age at repair was not associated with re-operation or complication.
The prevalence of hypospadias in our study was comparable with contemporary reports from Western Australia. Hypospadias may increase from maternal exposure to environmental endocrine-disrupting substances; however, their overall effect on hypospadias development remains uncertain. [23] Increasing trends may also be the result of the inclusion of more mild cases by registries or improved recognition and documentation of cases referred for repair. [3] Basic recognition and recording of diagnosis may have been a key element in our study with nearly forty percent of boys diagnosed at birth having no subsequent record of hospital admission for any related treatment or procedure. On further analysis, the majority of these cases (80%) were initially diagnosed as anterior or unspecified which suggests these were predominately very mild and/or resolved and did not require any further treatment or intervention. Although, we cannot exclude that in some cases surgical repair was performed outside the scope of the study or that some boys may have moved out-of-state for treatment. However, the later was potentially minimal as there was only a 2% out-of-state migration rate reported at the time of the study. [24] Our complication rates for proximal hypospadias repair ranged from 25% to 29% and between 4% and 14% for distal repairs. Re-operation rates ranged from 32% and 34%; and between 8% and 16% for proximal and distal hypospadias repairs, respectively. Two other recent large multicenter studies have reported complication and re-operation rates following primary hypospadias repair. One found complications in 26.2% of 1,679 boys who underwent proximal hypospadias repair [25] and the other found second surgery rates ranging between 4.1% and 9.4%
for distal hypospadias repair and between 32.2% and 34.5% for proximal hypospadias repair in 5,326 boys. [10] However, one study included only patients treated at pediatric hospitals [25] and in the other the median follow-up time of patients after repair was 25 months, [10] whilst ours was 60 months.
Current international guidelines recommend that hypospadias repairs should be performed between 6 and 18 months for best possible outcomes. [7] We found that repairs performed after 18 months of age were not associated with increased complications or a greater risk of additional surgery. Another population based-study reported that age at primary repair does not influence secondary surgery rates overall, but older age at repair was associated with an increased rates of meatotomy or urethral dilation for strictures: this effect may be due to the proximity of toilet training in older patients and therefore voiding problems were detected sooner. [10] A systematic review identified fewer complication rates in studies from the USA, where repairs were performed earlier, compared with Europe and China. These studies were small (involving <150 patients) and differences in complication rates may also be explained by the disparity in surgery and training practices among countries. [12] Nevertheless, early repairs remain recommended as perioperative management of urinary drainage and analgesia would generally be easier for both surgeon and parents in younger boys. In addition, subsequent toilet training may be more challenging in boys with severe hypospadias, whilst late repair may be associated with adverse psychosexual outcomes in later life. [26] We also found that privately insured patients were less likely to have re-operations which may be associated with accessibility to more experienced surgeons, [10] however, results are borderline and may be due to chance.
Our findings of over half of complications occurring after one year and up to five years following repair highlights that long-term follow-up is essential for early detection and treatment of complications, although this needs to be balanced against the potential adverse psychological impact of unnecessarily prolonged review of the boys external genitalia in the absence of any symptoms. [17] Currently, some recommend short follow-up period after surgery, however, this hypothesis has been supported by results from short follow-up periods that may be insufficient to detect all complications. [27] The main strength of the study was the use of a large population-based cohort of boys with surgeries performed across 42 hospitals that allowed multi-center assessment with up to 6 years follow-up. The health datasets used have been recognized to be accurate and reliable according to validation studies reporting high levels of agreement with medical records. [28] One of the limitations of the study was that a quarter of cases were recorded as unspecified hypospadias, and we were unable to identify the type. Despite this lack of information, only a small proportion required repair or procedure suggesting that the majority of these were mild anterior cases.
Furthermore, for those undergoing repair, results did not change when we excluded these cases in the evaluation of risk factors for complications. This limitation may be explained to some degree by the inability of some health care providers to confidently determine the position of the urethral meatus or by incomplete reporting of the position of the urethra to allow accurate recording of the type of hypospadias.
In conclusion, between 2001 and 2011, one in 285 boys was affected with hypospadias in NSW, Australia and the prevalence was constant overtime. Over sixty percent of cases had surgical repair. The risk of complications after repair was generally low, although they occurred in one third of proximal cases. Age at repair was not a risk factor for complications and a large proportion were found after one or more years following primary repair. Therefore, a long-term follow-up protocol would seem appropriate for proper supervision of these patients and to ensure optimal male reproductive and urinary health.
What is already known on this topic
Recent reports on hypospadias trends have been inconsistent and surgical repair rates and outcomes come from single-centre small studies with short follow-up.
There is a lack of population-based information about repair rates, risk assessment and timing of complications following repair
What this study adds
Hypospadias trend have been stable in the past decade.
Two thirds require surgical repair or correction and one in eight experience complications; which occur mostly after one year following repair.
Age at repair does not impact surgical outcomes
